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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Yes, Nikon SMZ 800 _______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO
C.  Which steps of your protocol will viewers benefit most from having filmed? 

These steps are in italics.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

These steps are in italics and underlined.

E.  Will the filming need to take place in multiple locations? (Y/N) _ NO 
1. Introduction
A. Experimental Goal

The overall goal of this procedure is to simultaneously detect intracellular nitric oxide and superoxide anions using the fluorescence dye DAF-2DA and DHE in freshly isolated intact mouse aortas. (Intro)
B.  Required Interview Statements 

1.1. Yi Yu: This method can help unravel current research schemes in the cardiovascular physiology field, such as in endothelial dysfunction and eNOS-uncoupling.
1.2. Yi Yu: The main advantage of this technique is to provide a simple and precise method for ex vivo direct detection and visualization of nitric oxide and superoxide anion simultaneously in intact blood vessels.

C. Ethics title card
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at Veterinary Office of Fribourg.
2. Preparing the Organ Bath System
2.1. For this protocol, construct an organ bath system which can be heated to 37 ºC [2.1.1 2.2.1-WID] and aerated with 95% oxygen, 5% carbon-dioxide gas, from a carbon gas tank. [2.1.2 2.2.2-MED]
2.1.1 2.2.1Setting Showing organ bath system, bringing out components to bench
2.1.2 2.2.2 Setting up Showing bath line to gas tank
2.2. To begin, prepare enough fresh Krebs-Ringer bicarbonate buffer as needed to bathe the tissues of interest. [2.2.1 2.1.1-MED] For example, 200 mL is needed for aortas in one experiment. [2.2.2-MED show the recipe of Krebs-Ringer buffer instead of shooting 2.1.2]

2.2.1 2.1.1 Preparing buffer, mixing reagents into 200 mL volume

2.2.2 2.1.2 Loading buffer into bath system {Comment: This step was filmed, but actually we don’t load the buffer to system now, so the action 2.1.2 should be deleted and instead we can show the recipe of Krebs-Ringer buffer. }
            Krebs-Ringer Bicarbonate Buffer Ingredients (200 mL)

	Chemicals
	Molecular weight
	mM
	Amount 

	NaCl
	58.44
	118
	1.379 g

	KCl
	74.56
	4.7
	0.07 g

	MgSO4
	120.37
	1.2
	28.8 mg

	KH2PO4
	136.09
	1.2
	32.6 mg

	NaHCO3
	84.01
	25
	0.42 g

	EDTA
	372.24
	0.026
	1.94 mg

	Glucose
	180.16
	11.1
	0.4 g

	Gas
	95% O2, 5% CO2
	10 min
	0


2.3. Switch on the organ bath system and adjust the heat control to 37 ºC. [MED]

2.3.1. Film as written

2.4. After washing the chambers with Krebs-Ringer bicarbonate buffer, [2.41.-MED] add 5 mL of the Krebs-Ringer bicarbonate  buffer to each chamber [2.4.2-MED] and turn on the gas to aerate it with 95% O2 and 5% CO2 for 30 minutes.  Keep the chambers covered. [2.4.3-MED]

2.4.1. Washing chamber with buffer

2.4.2. Loading buffer into chambers

2.4.3. Turning on gas and covering chambers

2.5. Also, prepare a bottle of ice-cold Krebs-Ringer bicarbonate buffer with aeration. [MED]

2.5.1. Setting up aeration of buffer solution kept in ice bucket

3. Isolation of Mouse Aortas 
3.1. After excising the thoracic aorta, [3.1.1-WID] immediately immerse the whole tissue in a dish with ice cold Krebs-Ringer buffer. [3.3.2-MED]

3.1.1. Establishing shot, talent just completing aorta excision

3.1.2. Moving tissue to dish of cold buffer
3.2. Under a dissection microscope, [3.2.1-MED] remove the heart and aortic arch while keeping the thoracic aortic segment in the buffer. [3.2.2-SCOPE]

3.2.1. Placing dish on dissecting microscope stage

3.2.2. Film as written
3.3. Then, dissect the aorta free from adhering perivascular tissue using surgical scissors and forceps. [SCOPE]

3.3.1. Film as written
3.4. Next, use forceps to grasp the edge of the tissue and gently flush the blood from the vascular lumen using ice cold Krebs-Ringer buffer delivered from a syringe. [SCOPE]

3.4.1. Film as written, be sure to show which end is being grasped

3.5. Yi Yu:   The blood clots in the vascular lumen must be flushed away, because they may cause artificial signals and interfere with the fluorescence signals. While at the same time the flushing strength should be controlled to not damage endothelial layers. [MED/WID]
3.5.1. Interview shot at bench with dissecting scope

3.6. Now, cut the cleaned aortic rings into 3 millimeter long segments [3.5.1- ECU/SCOPE].

3.6.1. Film as written, this may be done without the scope, in which case use an ECU to show the detail, otherwise use a scope shot
4. DHE and DAF-2DA Staining 

4.1. After preparing the cleaned aortic rings, stain them. [WID] 

4.1.1. Establishing shot of talent preparing to perform next steps

4.2. Touching only the adventitial side of the aortic rings with forceps, without clamping the blood vessels, [4.2.1-ECU] transfer the cleaned aortic segments to the prepared organ bath chambers. [4.2.2-MED CU] Let the arteries equilibrate in the buffer for 30 minutes. [4.2.3-CU MED]

4.2.1. Gripping the tissue samples

4.2.2. Moving the tissue samples to the prepared bath

4.2.3. Next sample being placed in next bath
4.3. After half an hour, add acetylcholine to the organ bath to give a final concentration of one micromolar, [4.3.1-MED] and incubate the arteries for ten minutes with the acetylcholine. [4.3.2-MED]

4.3.1. Adding acetylcholine aliquots to the baths

4.3.2. Covering baths and starting a 10 minute timer
4.4. Meanwhile, in a one-point-five-milliliter microcentrifuge tube [4.4.1-MED] prepare a milliliter of staining solution with pre-warmed Krebs buffer.  [4.4.2-CU/TEXT] Then, wrap the tube in foil to minimize light exposure and keep it at 37 ºC. [4.4.3-WID]
4.4.1. Setting up empty tube and taking aliquot of reagent

4.4.2. Loading the tube, TEXT: 5 µM DHE/DAF-2DA solution
4.4.3. Wrapping tube in foil and loading it in incubator

4.5. After the acetylcholine stimulation, transfer the aortic rings from the organ bath to the tube of staining solution [4.5.1-MED CU] and let them incubate for 30 minutes in the dark with aeration. [4.5.2-MED] All steps from this point forward should be done with minimal light exposure. [4.5.3-MED]

4.5.1. Removing ring(s) from organ bath

4.5.2. Loading ring(s) into staining solution, adding aeration
4.5.3. adding aeration, Covering the staining solution bath, shielding away light

4.6. Next, transfer the aortic rings to a new tube filled with Krebs buffer for a minute.  [4.6.1-MED] Perform this wash step three times. [4.6.2-MED/TEXT]

4.6.1. Moving rings from stain to buffer bath

4.6.2. Moving rings between buffer baths, preformed sensitively, TEXT: Wash 3X
4.7. Then, fix the aortic rings in a bath of 4% paraformaldehyde solution [4.7.1-MED] for 30 minutes at room temperature. [4.7.2-MED]

4.7.1. Preparing the PFA bath

4.7.2. Transferring rings from buffer to PFA, then, shielding loaded PFA bath from light 

4.8. After the fixation step, transfer the rings to DAPI solution [4.8.1-CU/TEXT] for three minutes at room temperature to apply the counterstain. [4.8.2-CU]

4.8.1. Unloading rings from PFA bath, TEXT: 300 nM DAPI in PBS, 3 min

4.8.2. Loading rings into DAPI bath, TEXT: 300 nM DAPI in PBS, 3 min

4.9. Then, wash the aortic rings with PBS three times, for one minute per wash.  [MED] Always be sensitive to the fragility of the endothelial tissue when moving the rings around. [4.6.2]
4.9.1. Moving rings from the DAPI bath to a PBS bath
5. En Face Mounting and Confocal Microscopic Imaging

5.1. Under a microscope, [5.1.1-MED] cut the aortic rings longitudinally with microsurgical scissors on a slide. [5.1.2-SCOPE]

5.1.1. Establish talent working at microscope

5.1.2. Film as written

5.2. Then, remove any excessive liquid on the aorta while keeping it wet. [5.2.1-SCOPE]. Force the rolled-up aortas flat against a slide with the endothelium facing down on the glass slide by using two microsurgical forceps. In this process, do not move the aortas back and forth. [5.2.2-SCOPE]
5.2.1. Film as written remove the excessive liquid
5.2.2. Get additional takes of this process, performed as described Flatten the aorta on the glass slide
5.3. Yi Yu:  This step is very critical but not easy to operate. It is better to practice well before the formal experiment. [MED/WID]
5.3.1. Interview talent at bench
5.4. Then, drop the mounting medium on the aorta, cover the slide and seal it with nail polish. [ECU]

5.4.1. Film as written
5.5. After air drying in the dark, image the slides using confocal microscopy. [WID]

5.5.1. Establish talent at confocal, loading slide onto stage, then focusing
5.6. Use a two hundred Hz scanning speed, a resolution of ten hundred and twenty four by ten hundred and twenty four pixels and Z-step size of a quarter micron. [LM]

5.6.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above

5.7. To observe the DAF-2DA, use an Argon laser, set the excitement fluorescence to four hundred and eighty eight nanometers and the emission detection at five hundred and fifteen nanometers. [LM]

5.7.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above

5.8. To observe the DHE, set the excite fluorescence to five hundred and fourteen nanometers and set the detection to six hundred and five nanomters. [LM]

5.8.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above

5.9. Use ten-X magnifications to focus on the sample until the DAPI signal is clear under  ultraviolet illumination.  [LM]

5.9.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above 

5.10. After focusing by ten-X magnifications, adjust the objective to forty-X magnifications. [MED]

5.10.1. Changing objective to 40X
5.11. Now, define the range of the endothelial layer by adjusting the Z position on the control panel, using the DAPI-stained nuclei as landmarks. [LM]

5.11.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above

5.12. Then, scan from the endothelial layer on the lumen border through the full thickness of the endothelial layer and record the images.  Scan at least three different fields of view for each sample. [LM]

5.12.1. To be provided by authors, SCREEN CAPTURE of the action(s) described above, record multiple fields being scanned
6. Results: eNOS-uncoupling in Obese Mice
6.1. Young C57/Black-6 mice were made obese by being fed a high fat diet for fourteen weeks.  Controls were fed a normal chow.  After 14 weeks their thoracic arteries were examined.  Before staining, the tissues were exposed to the eNOS inhibitor L-NAME for an hour at one nanoMolar. [LM]

6.1.1. Figure 1 left panel, top row
6.2. The signal from DAF-2T, seen in green, is converted from non-fluorescent DAF-2 by nitric oxide.  So, staining suggests nitric oxide presence in a cell. [LM]
6.2.1. Figure 1 left panel, top row and second row
6.3. Similarly, when oxidized by superoxide, DHE gives off a red fluorescence signal.  So the samples showing more red color have more superoxide in the cells. [LM]
6.3.1. Figure 1 left panel, top row, second row and third row
6.4. Quantifying the confocal fluorescence images revealed a decrease in nitric oxide production and an increase in L-NAME-sensitive superoxide generation in the aortic endothelial layer of the mice fed the high fat diet.  These data support the notion that eNOS-uncoupling occurs with obesity. [LM]
6.4.1. Figure 1, right panel (charts)
7. Conclusion (said by authors on camera)

7.1. Yi Yu: After watching this video, you should have a good understanding of how to detect nitric oxide and superoxide anions with fluorescent dyes in intact blood vessels, ex vivo.  Once mastered, this technique can be done in six hours if it is performed properly.
7.2. Yi Yu: While attempting this procedure, it’s important to remember to keep the endothelial layer intact during the whole procedure of operation and always immerge blood vessels in Krebs-Ringer buffer to maintain endothelial cells alive before the fixation step.
7.3. Yi YU: Combining with this procedure, other methods like analysis of vasomotor responses of isolated blood vessels can be performed in order to answer additional questions like a physiological function of endothelial cells in regulating vascular tone.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

5.6.1- setting for scanning speed and resolution and Z step 

5.7.1- setting for DAF-2DA scanning

5.8.1- setting for DHE scanning

5.11.1- endothelial layer range defining

5.12.1- sample scanning

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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